T HE INTERNET HAS INCREASingly been used to provide behavioral change interventions, and several studies [1] [2] [3] have demonstrated its potential for delivering weight control therapy. In 2 of these studies, 1,2 better weight losses were produced by programs in which a human counselor provided weekly e-mail behavioral weight loss counseling compared with Internet programs that were self-directed and involved no weekly guidance. Although providing Internet weight loss programs with e-mail counseling may offer an alternative to in-person programs, if effective counseling were provided by a computer preprogrammed with messages based on performance criteria, Internet weight management interventions could be a more widely disseminable treatment approach. The goal of this study was to determine the short-term efficacy of a selfdirected Internet weight loss program compared with the same program supplemented with behavioral counseling from either a computer-automated tailored system or from a human counselor.
METHODS

PARTICIPANTS
One hundred ninety-two (162 female, 30 male) overweight or obese adults with a mean±SD age of 49.2±9.8 years and having a body mass index (calculated as weight in kilograms divided by height in meters squared) of 32.7±3.5 were recruited from advertisements placed in local newspapers and screened for eligibility via telephone (Figure 1 ). Eligibility criteria included age 20 to 65 years, body mass index of 27 to 40, willingness to use meal replacements as part of the dietary regimen, and availability of a computer with Internet access (dial-up or high-speed service). Criteria for ineligibility included a history of heart attack, stroke, or cancer in the past 5 years; diabetes, angina, or orthopedic or joint problems that would prohibit exercise; a major psychiatric disorder involving hospitalization during the past year; and current, planned, or previous (within 6 months) pregnancy. Individuals endorsing any item on the Physical Activity Readiness Questionnaire 4 (n=79 [21%]) were required to obtain physician consent to participate in this study.
DESIGN
Written informed consent and baseline measurements were obtained in person. Participants were advised during informed consent that, despite password protection, potential breaches in confidentiality existed when using the Web site and e-mail. Simple randomization procedures with computerized random numbers were used to assign participants to 1 of 3 treatment groups: no counseling (NC; n=67); computer-automated e-mail feedback (AF, n=61); or human e-mail counseling (HC, n=64). All participants were seen in the clinic at baseline and at 3 and 6 months for objective measurement of body weight and completion of questionnaires, and they were paid $25.00 and $50.00, respectively, for attending the 3-and 6-month follow-up appointments.
All participants attended 1 group face-to-face session (approximately 25 participants per group) in which they were informed of random assignment, introduced to behavioral weight loss recommendations for diet, exercise, and behavioral changes that are typical in in-person behavioral weight loss programs, 5 and oriented to the Internet programs. A standard script and slide set were used to ensure comparability of weight loss recommendations; however, orientation to the Web sites differed by group.
A standard calorie-restricted diet of 1200 to 1500 kcal/d was recommended based on baseline weight. Participants were instructed about the use of structured meals 6 and meal replacements 7 as helpful strategies for meeting caloric goals. Two meal replacements per day consisting of a liquid weight loss beverage (Slim-Fast; Unilever, London, England) were recommended to equal about 440 kcal/d of total daily calories. The remaining calories were to be consumed from foods and beverages of the participants' choosing. All participants were provided with meal replacements for the first week and then given coupons ($2.00/ wk) to offset the price of meal replacements. All participants were encouraged to increase physical activity over time to expend a minimum of 1050 kcal/wk equivalent to approximately 30 minutes of walking per day and to self-monitor diet and exercise daily.
All participants were instructed on how to use the SlimFast Web site, which is free to the public. This interactive Web site included the following features: weekly reporting and graphs of weight, weekly e-mail prompts to report weight, weekly weight loss tips via e-mail, recipes, and a weight loss e-buddy network system that enabled users to match themselves with other persons in the United States with similar characteristics and act as peer support for weight loss via e-mail.
ADDITIONAL PROCEDURES FOR e-COUNSELING GROUPS
Participants randomized to the 2 e-counseling groups (AF and HC) also had access to a separate Web site that offered additional features specific to the research study, including an electronic diary (to report weight, daily caloric intake, use of meal replacements, and exercise) and a message board on which they could post messages to other study participants randomized to the same study group. In addition, these participants received a second weekly e-mail that reminded them to complete the online diary and included a weekly behavioral lesson on topics similar to those used in the Diabetes Prevention Program. 8 The difference between the two e-counseling groups was the feedback participants received in response to their selfmonitoring diaries. Weekly feedback was either from a preprogrammed computer that instantaneously returned tailored feedback on a Web page when the weight loss diary was submitted (AF) or via e-mail from a human weight loss counselor whom they had not met with in person (HC).
In the AF condition, feedback algorithms were predetermined based on cognitive-behavioral theory, focused specifically on behavioral changes from week to week, and suggested behavioral strategies to improve adherence and weight loss. A computer-tailored message was compiled instantaneously based on the weekly diary information. Weekly and average weight losses were compared with expected weight losses corresponding to the week in the program. Praise or feedback to build motivation for self-monitoring was included depending on the frequency of monitoring. Reported calories were compared with individualized goals. If calories were above the recommended level, suggestions for reducing calories were provided. Use of meal replacements was encouraged as one strategy to control caloric intake. A variety of portion-controlled meals were recommended when adherence was low, such as liquid shakes (eg, SlimFast), prepackaged frozen entrees (eg, Lean Cuisine [Stouffers, a division of Nestlé] or Weight Watchers' Smart Ones [H. J. Heinz Co]), a variety of meal bars, or other prepackaged foods that met caloric requirements of a low-calorie meal (eg, canned soup). The number of calories expended in physical activity was compared with the weekly goal. When exercise was less than prescribed, strategies for overcoming a variety of barriers were suggested. Finally, a summary compared reported behaviors with weight loss progress; provided ongoing support, praise, or motivation; and suggested next steps. In the HC condition, participants were randomized to 1 of 5 human e-counselors with behavioral weight loss experience and degrees in nutrition, exercise physiology, psychology, or health education. All human e-counselors were blinded to the algorithms used to program the AF counselor and were trained and supervised using procedures from other behavioral e-counseling weight loss trials.
1,2 Although messages were individualized, e-counselors generally considered weekly weight loss compared with overall progress, progress toward behavioral goals, overcoming specific weight loss barriers, motivation, and answers to participants' questions. There was no predefined structure or content for HC e-mails, and counselors prioritized and selected the focus of the communication based on their clinical judgment.
DEPENDENT MEASURES
The primary dependent measure was change in body weight. Weight was measured in the clinic at baseline and at 3 and 6 months with the participant in lightweight street clothing, without shoes, on a calibrated scale, by nonintervention research staff. Height was measured using a wall-mounted stadiometer at baseline. Physical activity was measured using the activity questionnaire of Paffenbarger et al. 9 Dietary intake was measured using the Block Food Frequency questionnaire. 10 These questionnaires have shown sensitivity to behavioral changes in other weight loss intervention trials. 11, 12 Login frequency and use of various site components were assessed using objective recordings of Web site use.
STATISTICAL ANALYSIS
This study was powered based on previous Internet weight loss studies 1,2 and designed to detect differences in weight loss of 2.5 kg with an SD of 5 kg (an effect size of 0.5) with 80% power. Primary and secondary outcomes were examined separately using repeated-measures analysis of variance. Nonparametric tests or transformations were used when data were abnormal. Bonferroni adjustments were used for all multiple comparisons. Unless noted, all data are reported as mean±SD. For intentionto-treat analyses, a range of possible imputation methods were used, including single imputation (baseline carried forward and last observation carried forward) and multiple imputation (expectation maximization and regression). All analyses were performed using Statistical Package for the Social Sciences software (version 13 for Windows; SPSS, Chicago, Ill).
RESULTS
At baseline, there were no differences between randomized groups on measures of age, weight, body mass index, calorie and fat intake, exercise, or years of Web or Internet experience ( Table 1) . Eighty-two percent of participants randomized (n=158) attended the 3-month assessment; attendance did not vary by treatment assignment ( 2 =2.3; P=.31). Eighty percent of those randomized (n=155) attended the 6-month assessment; there was a trend for fewer participants in the AF group to attend the follow-up assessments ( 2 =5.2, P = .07). Six-month attendees and nonattendees did not differ at baseline for age, body mass index, years of Internet experience, or hours of weekly Internet use. There were no significant adverse events in any intervention group.
CLINICAL OUTCOMES: BODY WEIGHT
The pattern of weight change was examined with observed data (completers) and several intent-to-treat analysis strategies, including both single imputation strategies common to weight loss (baseline carried forward considered a conservative approach assuming return to baseline weight for missing data and last observation carried forward) and 2 multiple imputation strategies (expectation maximization and regression). The pattern of statistical significance using repeated-measures analysis of variance of observed or imputed weights at baseline and at 3 and 6 months was identical. Mean weight losses using various imputation strategies are given in Table 2 . Weight losses for participants with observed data were −2.8±3.5 kg (NC), −5.3±4.2 kg (AF), and −6.1± 3.9 kg (HC). Weight lost between baseline and 3 months differed significantly by group (F=9.4; PϽ.001). Both the AF and HC groups lost significantly more weight than did the NC group (P =.005 and P=.001, respectively), but they did not differ from each other (P=.95). Weight loss at 6 months was −2.6±5.7 kg, −4.9±5.9 kg, and −7.2±6.2 kg, respectively, for the NC, AF, and HC groups (P=.001). Weight loss was significantly different in the NC and HC groups (PϽ.001). The AF condition did not differ significantly from the NC or HC conditions (AF vs NC, P=.16; AF vs HC, P =.15; Figure 2) .
The mean percent of initial body weight lost at 3 months was −3.2%±3.7%, −5.8%±4.4%, and −6.8%±3.9%, and at 6 months was −2.8% ± 5.9%, −5.3% ± 6.5%, and −8.1% ± 6.3%, in the NC, AF, and HC groups, respectively. At 6 months (assuming participants with missing data did not achieve significant weight loss), the percent of randomized participants who lost 5% or more of initial body weight was 27% in the NC group, 34% in the AF group, and 52% in the HC group ( 2 =8.9; P=.01). Post hoc comparisons showed that significantly more participants in the HC group compared with the NC group lost 5% or more of their initial body weight (PϽ.05). Table 3 . The treatment-ϫ-time interaction for calorie intake was not significant. All groups reported significant reductions in caloric intake between baseline and 6 months (F=35.5; PϽ.001). Percent of calories from dietary fat differed by treatment group (F = 5.8; P= .004), with greater reductions in the HC group compared with the NC group. Repeated-measures analysis of variance of log-transformed energy expenditure data showed no treatment-ϫ-time interaction; however, all groups showed increased physical activity during the first 3 months, which subsequently declined between 3 and 6 months (F = 6.7; P = .001).
SECONDARY OUTCOMES: DIETARY INTAKE AND EXERCISE
Mean (±SD) scores on behavioral variables are given in
WEB SITE LOGIN FREQUENCY
Web site use consisted primarily of 2 parts: a public site available to all groups and diary submissions available to only the AC and HC groups. Login data were abnormal; therefore, median analyses were used. The groups differed in the frequency of logins to both sites (total logins) over the 6-month period (Kruskal-Wallis 2 , 11.9; P=.003). Post hoc comparisons showed that the NC and HC groups logged in significantly more often than the AF group did. The median number of total logins to the Web sites was 34, 20, and 32.5 times, respectively, for the NC, AF, and HC groups. The pattern of logins for each month during the 6 months of treatment is shown by treatment group in Figure 3 . Total login frequency was associated with weight loss at 6 months in both the completers (Spearman , −0.38; P=.000) and baseline carried forward (Spearman , −0.15; P = .04) analyses.
The median number of logins to the public Web site during the 6 months was 20, 2, and 9, respectively, for the NC, AF, and HC groups (Kruskal-Wallis 2 , 13.8; P=.001). Greater use of the public Web site was correlated with weight loss in the NC group (Spearman , −0.27; P = .03) but not in the AF (Spearman , −0.14; P=.29) or HC (Spearman , −0.16; P =.22) groups.
Online diary submissions were examined for the 2 ecounseling groups-AF and HC. Participants in the HC group submitted diaries for more weeks (17.2 ± 8.7 vs 11.4±9.2; P=.000). Diary submission was significantly associated with weight loss in the AF (r =−0.69) and HC (r=−0.56) groups (PϽ.001).
COMMENT
Finding population-based methods for providing behavioral weight loss interventions is urgently needed. This study shows that an Internet behavioral weight loss program providing weekly feedback about weight, diet, and activity from either a computer-automated program or a human e-mail counselor produced significant weight Abbreviations: AF, tailored computer-automated feedback; HC, human e-mail counseling; NC, no counseling. *Data are given as mean ± SD. †Completers analysis includes number of participants. ‡Numbers are as randomized (NC group, 67; AF group, 61; and HC group, 64). With each analysis approach, Bonferroni post hoc comparisons showed the same pattern of significance. At 3 months, both the AF and HC groups differed from the NC group but not from each other. At 6 months, only the HC and NC groups were different. At 3 months, the baseline carried forward and last observation carried forward are identical because the last observation before the 3-month follow-up was baseline. loss and that both were significantly more effective during the first 3 months than was a weight loss Web site that provided no feedback on behavioral change. At 6 months, the group receiving feedback from the human e-counselor had greater overall weight loss compared with the NC group; the AF group did not differ significantly from either of the other groups.
Few studies have examined the use of fully automated computer or Internet programs for weight loss involving no human contact. 13 The present study tested the efficacy of an Internet program that included fully computer-automated feedback to participants about weight loss behaviors and their change over time. For the first 3 months, weight loss was comparable in the AF and HC groups, which suggests that computer feedback was sufficient to promote short-term adherence to the diet and activity goals. From a public health perspective, this is a promising direction to explore. The weight loss in this group averaged 4 to 5 kg (approximately 5% of initial body weight), and 34% of those randomized achieved a weight loss of 5% or more: a clinically meaningful weight loss. Weight loss in the group receiving 1 weekly e-mail from a human counselor is also encouraging, inasmuch as average weight loss of 6 to 7 kg (approximately 7%-8% of initial body weight) was achieved and more than 50% of participants randomized were able to lose at least 5% of their initial body weight. Behavioral programs with in-person intervention have historically produced a mean weight loss in 6 months of 9 kg among completers 14 ; however, several large randomized trials of weight loss with intensive group or individual in-person interventions have shown significant health benefits with weight loss of 5 to 6 kg. 8, 15 Since both the AF and HC groups received behavioral lessons via e-mail and also accessed the additional Web site with diary, feedback, and a peer support board, it is impossible to determine which of these components produced better weight loss in these conditions. However, in a previous study, 2 we controlled all procedures including behavioral lessons and peer support boards and varied only the weekly behavioral e-mail counseling from a human being and showed significantly better weight losses with the weekly human feedback. Therefore, it is likely that the behavioral feedback provided by either the computer or the human being was responsible for greater weight losses in those groups at 3 months. Several aspects of this first-generation automated system may have limited its efficacy over time and could be easily improved in future iterations. The automated system used a message library that repeated every 6 weeks. Although the likelihood of having the exact same behavior pattern on all variables was low, repetition in messages was possible and message structure did not vary over time. The pattern of logins in the AF group suggests that each month fewer participants interacted with the automated system. Weekly lessons and reminders to submit the diary were sent to both groups, but feedback about behavior was provided only in the AF group in response to a diary submission. In contrast, if a participant in the HC group did not submit a dairy, the counselor sent an e-mail inquiring how the participant was doing and encouraging that person to communicate even during periods of nonadherence.
The login data suggest that the resources available on the public site were helpful only for the group receiving no counseling. Since the two e-counseling groups received behavioral lessons via e-mail, they may have gained little additional information from logging onto the public site.
This study has several strengths, including a randomized design, objective follow-up measures, feedback on weight loss and behavior over time, multiple e-mail counselors who had not met with participants face to face and who were blinded to the programming of the computertailored system, and ability to track objective use of both Web sites. Limitations of the study include the fairly homogeneous and educated sample, lack of costeffectiveness data, and short duration of treatment.
CONCLUSIONS
The results of this study replicate our previous studies showing that human e-mail counseling improves weight loss compared with educational sites 1 or more interactive sites that include behavioral tools but provide no feedback on behavior change over time. 2 Computer-tailored feedback also produces significantly greater initial weight losses than interactive sites without weekly behavioral feedback and for the first 3 months helped participants to achieve weight loss equivalent to that lost by participants who received human e-counseling. Further research is needed to improve the computer-tailored approach. Specifically, strategies to promote continued adherence to computer-tailored systems and ways to combine such systems with other more intensive approaches (via Internet or periodic face-to-face meetings) should be examined. Population-based intervention approaches are a necessary part of combating the obesity epidemic. Role of the Sponsor: The funder provided the researchers with login data from their Web site. They had no role in the design or conduct of the study; in data collection, analysis, or interpretation; or in preparation or approval of the manuscript.
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